Anthracological studies are firmly advancing in the tropics during the last decades. The theoretical and methodological bases of the discipline are well established. Yet, there is a strong demand for comparative reference material, seeking for an improvement in the precision of taxonomic determination, both in palaeoecological and palaeoethnobotanical studies and to help preventing illegal charcoal production. This work presents descriptions of charcoal anatomy of eleven Anacardiaceae species from six genera native to Brazil (Anacardium occidentale, Anacardium parvifolium, Astronium graveolens, Astronium lecointei, Lithrea molleoides, Schinus terebenthifolius, Spondias mombin, Spondias purpurea, Spondias tuberosa, Tapirira guianensis, and Tapirira obtusa). They are characterized by diffuse-porous wood, vessels solitary and in multiples, tyloses and spiral thickenings sometimes present; simple perforation plates, alternate intervessel pits, rounded vessel-ray pits with much reduced borders to apparently simple; parenchyma paratracheal scanty to vasicentric; heterocellular rays, some with radial canals and crystals; septate fibres with simple pits. These results are quite similar to previous wood anatomical descriptions of the same species or genera. Yet, charcoal identification is more effective when unknown samples are compared to charred extant equivalents, instead of to wood slides.
INTRODUCTION
Charcoal, frequent in archaeological or geological contexts, is an important proxy to the reconstruction of past vegetation and climate, as well as to palaeoethnobotanical interpretations.
Anthracology, the identification of charcoal based on wood anatomical characters, is a discipline primarily developed for palaeovegetation studies related to archaeology, palaeoecology, geology, and others (Chabal 1997 , Scheel-Ybert 2004a , Scott and Damblon 2010 . It also applies for archaeobotany and for the identification of contemporary unknown charcoal, in which case it can be used for charcoal control.
CHARCOAL ANATOMY -ANACARDIACEAE 1713
MATERIALS AND METHODS
Twenty-three wood samples of 11 species from six genera of Anacardiaceae native to Brazil were described: Anacardium (A. occidentale L., A. parvifolium Ducke), Astronium (A. graveolens Jacq, A. lecointei Ducke), Lithrea (L. molleoides (Vell.) Engl.), Schinus (S. terebenthifolius Raddi), Spondias (S. mombin L., S. purpurea L., S. tuberosa Arruda), and Tapirira (T. guianensis Aubl., T. obtusa (Benth.) J.D.Mitch.). Wood samples were obtained from field sampling and institutional wood collections: Jardim Botânico do Rio de Janeiro, Rio de Janeiro, Brazil (RBw); Instituto de Pesquisas Tecnológicas, São Paulo, Brazil (BCTw); Instituto Florestal, São Paulo, Brazil (SPSFw). Wood samples collected by R. Scheel-Ybert (RS) are vouchered in Herbarium Alberto Castellanos, Rio de Janeiro, Brazil (GUA); duplicates are deposed in RBw and BCTw wood collections. Specialists identified the material collected by M.E. Solari (ME), although unvouchered. In all cases, samples from the trunk or large branches were analyzed, except for two samples of small branches (Astronium graveolens -ME102, ME109). Samples were wrapped in aluminum foil and carbonized in a muffle furnace at 400 ºC during 40 minutes. All samples are deposited in the charcoal collection of the National Museum at Rio de Janeiro (Antracoteca do Museu Nacional -Laboratório de Arqueobotânica e Paisagem, Universidade Federal do Rio de Janeiro, Brazil). The charring temperature chosen is the same as in many scientific studies based on charcoal analyses (e.g. Solari 1993 , Prior and Gasson 1993 , Scheel-Ybert 2004b . Charcoal samples were manually split according to the fundamental wood sections (transversal, longitudinal tangential, and longitudinal radial sections) and examined under a reflected light brightfield/ darkfield microscope. Descriptions followed the recommended procedures and terminology by the International Association of Wood Anatomist (IAWA Committee 1989), except for intervessel pits size, for which the internal horizontal diameter of pit apertures was measured (Scheel-Ybert and Gonçalves in press). Anthracologists conventioned to measure the pit aperture (but measuring also the pit chamber diameter when possible) because the carbonization process induces wood cell walls homogenization, frequently making pit chambers indistinguishable. The pit aperture, however, is always distinct.
For quantitative measurements, arithmetic means and amplitude (minimum and maximum values) are given. Micrographs were taken using a JEOL 6300F SEM at University Montpellier II (UM-II, France), a JEOL 5310 at the Institut of Biophysics of the Federal University of Rio de Janeiro (UFRJ, Brazil), and a Leica S440 SEM at the Center of Mineral Technology (CETEM, Brazil). Some authors argued that charcoal is sufficiently conductive to be suitable for SEM studies without any special coating or preparation (Blankenhorn et al. 1972 , Cutter et al. 1980 ). However, we have obtained better results by previously sputter-coating specimens with gold or platinum.
RESULTS
Wood anatomical descriptions for each genus follow. The most important anatomical features of the studied species are presented in Table I . Anacardium (L.) Rottboell (Fig. 1 a- Astronium Jacq. (Fig. 1 d-f, Fig. 2 90(40-130)µm; 15(12-25) vessels/mm²; tyloses present; perforation plates simple with oblique or horizontal end walls; intervessel pits alternate, 5(4-10)µm; vessel-ray pits larger than intervascular pits, with much reduced borders to apparently simple, rounded. Axial parenchyma: scanty paratracheal and rarely vasicentric, in 1-4-celled strands. Rays 1-3-seriate in A. graveolens, 1-, rarely 2-seriate in A. lecointei; 8(7-11) rays/mm; body ray cells procumbent with 1 to 4 rows of upright and square marginal cells. ; perforation plates simple with oblique and horizontal end walls; intervessel pits alternate, 3,5(2-6)µm; vessel-ray pits larger than intervessel pits, with much reduced borders to apparently simple, rounded; helical thickenings present. Axial parenchyma: scanty paratracheal, fairly distinct, in 1-3-celled strands. Rays: 1-3-seriate; 10(5-15) rays/mm; body ray cells procumbent with 1 to 2 rows of upright marginal cells. Fibres: septate with simple to slightly bordered pits and very thin walls; helical thickenings sometimes present. Secretory elements: Radial canals with tangential diameter 50(30-100)µm. Mineral inclusions: prismatic crystals in ray cells. Growth rings: boundaries indistinct or absent. Vessels: wood diffuse-porous; solitary (55%), in multiples of 2 (35%), and 3 (10%); tangential diameter 135(60-250)µm; 15(5-30) vessels/mm²; tyloses absent in S. tuberosa, present in the other species; perforation plates simple with oblique and horizontal end walls; intervessel pits alternate, 7(5-10)µm; vessel-ray pits larger than intervessel pits, with much reduced borders to apparently simple, rounded. Axial parenchyma: scanty paratracheal, fairly distinct, in 2-4-celled strands. Rays: 2-3-seriate in S. purpurea, 3-6-seriate in S. tuberosa, and 4-7-seriate in S. mombin; 5(2-8) rays/mm; procumbent body cells with 1-4, rarely up to 6 rows of upright marginal cells. Fibres: septate with simple to slightly bordered pits and very thin-walled. Secretory elements: radial canals with tangential diameter 40(20-80)µm. Mineral inclusions: prismatic crystals in ray cells of S. purpurea and S. tuberosa and in fibres of S. tuberosa. Tapirira Aubl. (Fig. 4 e-g plates simple with oblique or horizontal end walls; intervessel pits alternate, 5(3-7)µm; vessel-ray pits larger than intervessel pits, with much reduced borders to apparently simple, rounded; helical thickenings present. Axial parenchyma: scanty paratracheal, fairly distinct, in 2-3-celled strands. Rays: 1-2(3)-seriate in T. obtusa, 2-3-seriate in T. guianensis; 7(3-10) rays/mm; body ray cells procumbent with 1 to 5 rows of upright marginal cells. Fibres: septate fibres with simple to slightly bordered pits, very thin-walled. Secretory elements: radial canals with tangential diameter 30(10-60)µm. Mineral inclusions: prismatic crystals in ray cells. Even if vessels tangential diameter and frequency may sometimes differ, it is not possible to distinguish the studied species through charcoal anatomy. Genera, however, or groups of species, can be distinguished by considering a combination of features such as radial canals, helical thickenings, rays width, vessels diameter, and vessels frequency, as proposed in the dichotomous key below. Features such as diameter of intervessel pit apertures and rays frequency do not vary significantly, while the presence of tyloses may depend on the part of the stem analyzed, and that of crystals on environmental aspects. Those are not reliable diagnostic characters, but can be useful to ascertain the identification. is due to methodological requirements. Charcoal analysis in reflected-light microscopy is technically easier and much less time-consuming than traditional techniques of wood analysis involving slides preparation. Besides, we highlight the unequivocal advantage of comparing similar materials. Charcoal identification is much more effective when unknown samples are compared to charred extant equivalents, instead of to wood slides. This happens not only because of easiness of observation, but also in reason of minor anatomical changes due to carbonization. As a rule, wood structure is very well preserved after carbonization, but some modifications may occur, such as: homogenization of the cell walls; tangential and radial shrinkage (which may induce small changes in vessels diameter and in the size of axial and radial parenchyma cells); and disappearance or modification in cell contents (Prior and Gasson 1993 , Kim and Hanna 2006 .
Dichotomous key
Anatomical characteristics of Brazilian Anacardiaceae charcoal are, as in wood, relatively homogeneous, but the different genera studied can be distinguished through wood anatomy. The present results closely agree with general descriptions of Anacardiaceae wood (Record and Hess 1943, Metcalfe and Chalk 1950) and with generic and specific wood descriptions (e.g. Tortorelli 1956 , Mainieri 1958 , Kribs 1968 , Pérez Olvera et al. 1980 , Martijena 1987 , Barajas-Morales and Gómez 1989 , Fedalto et al. 1989 , Mainieri and Chimelo 1989 , Terrazas and Wendt 1995 , Richter and Dallwitz 2000 , Barros et al. 2001 , Miller 2007 , Gupta and Agarwal 2008 . In most cases, qualitative and quantitative data from the carbonized samples are very similar to previously published studies in wood anatomy, e.g. for Anacardium occidentale (Hess 1946 , Dechamps 1979 , Détienne and Jacquet 1983 , Dong and Baas 1993 , Astronium graveolens (Détienne and Jacquet 1983, Nardi Berti and Edlmann Abbate 1992), Lithrea spp (Hess 1946 , Terrazas 1994 , Lithrea molleoides (Pinho 1969), Schinus spp (Hess 1946 , Jofre 1988 , Terrazas 1994 , Schinus terebinthifolius (Tavares 1970), Spondias spp (Williams 1936 , Hess 1946 , Kryn 1952 , Détienne and Jacquet 1983 , Dong and Baas 1993 , Terrazas 1994 , Sosef et al. 1998 , Spondias mombin (León 2003) , Tapirira spp (Hess 1946 , Terrazas 1994 , Tapirira guianensis (Williams 1936 , Dechamps 1979 . This is particularly interesting for, in spite of morphometrical changes due to the carbonization process (Mc Ginnes et al. 1971 , Prior and Alvin 1986 , Prior and Gasson 1993 , wood anatomical features seem directly comparable between carbonized and non-carbonized samples.
In other cases, however, a few features differed from these previous descriptions, especially regarding vessels tangential diameter and frequency -e.g., in Astronium graveolens vessels are 140% smaller and 80% more frequent, and in Astronium lecontei 75% smaller and 60% more frequent than it was reported by Dechamps (1979) ; in Schinus terebinthifolius vessels are 60% more frequent than reported by Tavares (1970) ; in Spondias mombin vessels are 10% smaller than reported by León (2003) ; in Spondias purpurea vessels are 100% smaller and more frequent than reported by Barajas-Morales and Gómez (1989) ; in Tapirira guianensis vessels are 60% more frequent than reported by Dechamps (1979) .
Intervessel pits are generally smaller than reported in the literature, but the data reported for noncarbonized wood refer to the diameter of chamber, while in this work we have measured pit apertures.
Quantitative variation, particularly lower vessels tangential diameter, and higher vessels frequency, can be explained by the carbonization process, but intraspecific variability and/or ecological factors can also be implied.
CONCLUSIONS
Anatomical description of charcoal aims to improve taxonomical identification and to provide better means to anthracological studies in the tropics. THAÍS A.P. GONÇALVES and RITA SCHEEL-YBERT Descriptions of tropical charcoal anatomy are of utmost importance in different fields of knowledge, such as archaeobotany, palaeoecology, wood technology, and environmental conservation. They are most important as a comparative material for the identification of unknown charcoal pieces from archaeological or sedimentary contexts, which may lead to palaeoenvironmental and palaeoethnobotanical interpretations.
The use of anthracology to control illegal charcoal commerce also shows a strong potential in Brazil. There are as yet few studies with charcoal intended to reduce the indiscriminate use of native species, but they are generally focused in Eucalyptus, which is the most frequently species legally used for charcoal production (e.g. Botrel et al. 2007 , Gonçalves et al. 2014 . This is the first attempt to directly describe the anatomy of charcoal samples aiming to contribute to the construction of a database that might eventually contribute to prevent the continuity of deforestation and help the sustainability of the charcoal supply chain. The use of anthracology to control illegal charcoal commerce is, therefore, a particularly important application of the present work.
Additionally, this work may contribute to a better knowledge of wood anatomy of native tropical species, which is still incompletely known. Indeed, while this is the first time that charcoal anatomy descriptions are presented for all the studied species, two species are here described for the first time both in charcoal as in conventional wood anatomy: Anacardium parvifolium Ducke and Spondias tuberosa Arruda.
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RESUMO
Estudos antracológicos têm tido avanço significativo nos trópicos nas últimas décadas. As bases teóricas e metodológicas da disciplina estão bem estabelecidas, entretanto, existe ainda uma forte demanda por material comparativo de referência visando melhorar a acurácia nas determinações taxonômicas, tanto em estudos paleoecológicos e paleoetnobotânicos como para contribuir com o controle da produção ilegal de carvão vegetal. Este trabalho apresenta descrições da anatomia do lenho carbonizado de 11 espécies de Anacardiaceae, em seis gêneros nativos do Brasil (Anacardium occidentale, Anacardium parvifolium, Astronium graveolens, Astronium lecointei, Lithrea molleoides, Schinus terebenthifolius, Spondias mombin, Spondias purpurea, Spondias tuberosa, Tapirira guianensis e Tapirira obtusa). Elas são caracterizadas por vasos de arranjo difuso, solitários e múltiplos, algumas vezes com tiloses e espessamentos espiralados; placas de perfuração simples, pontoações intervasculares alternas, pontoações raiovasculares maiores que as intervasculares; raios heterocelulares, podendo apresentar canais radiais e cristais; fibras septadas com pontoações simples ou aréolas reduzidas. Os resultados obtidos são similares a descrições prévias de anatomia da madeira das mesmas espécies ou gêneros. Ainda assim, a identificação de carvões é muito mais eficiente quando as amostras desconhecidas são comparadas a equivalentes atuais carbonizados, ao invés de lâminas finas.
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